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1020020067349 



#^ 2003/5/3 



[AH WS] ^^S^AH 

[SIBILS] m& 

[4^x1] ^SiSS 

[I^SS] 0001 

[fllSUXU 2002.11.01 

SSI API OilSE-l iJ 3 XilS 

3f SS] Magnetic Memory And Method Of Fabricating The Same 

1-1998-104271-3 

[ CH £| oi J 

[ d £| oi 3 c j g_ 1 998-000386-5 

[SS^SS^SiS] 1999-007368-2 
[CH£I°J] 

[ CD £| oi 2 c ] g_ 1 999-000370-4 

[sit*?! secern] 1999-056971-6 
[^sah 

S^SJIJ JE0NG.W0N CHE0L 

[^eJ^^SlS] 731212-1702014 

l^&m 156-020 

[^^1 AHg^^AI = ^ Pi^S 44-144,26/5 

[^] KR 

I^IAI] ^61S XII 422 2J ^§0i| 2| m §?!, ^©1S X1l60i°J ^ 

Oil 2|& S§!£b'AF S m^mUO. CH£I°J 
SSi (oj) rj£|oi 
(°J ) 

PI^SSS] 20 Pi 29,000 S! 

Ulttm^g.] 40 Pj 40,000 SI 



59-1 



1020020067349 SUM 2003/5/3 

0 2 OH 

[^A^S^S] 26 » 941,000 S 

t 1 1,010,000 SI 

[^¥AHW1 1. S^AH SAHIAI(£S)_1S 
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1020020067349 #^ 2003/5/3 

£ 9a 
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1020020067349 #^ 2003/5/3 

7M ^ Zl ^12: ^{Magnetic Memory And Method Of Fabricating The Same} 

£ la^ ^-#3°! # #lS.^(full CMOS)^ ofli^ ^ -i-g- M-Ej-ifl^ $\S.^°) 

£ lb^r -i-tf^Sl ^ o^eflo]^ uj-Ej-iflfe s]S.SLo]4. 

£ Ictt ^^91 ^(NAND)^g #2fl^l *\)5-£\2) 4. ^eflolf M-e}^ 

£ 2fe #Bfl 7l#ofl nf^ x>7l ^15L^(MRAM)^ € ^HH^l «JJf* M-tMfe ^ 
£ 3£r ^-efl 7l#o]i 4s ^ >7] ^^.e)^ ^ teflon- ^-^^£o}cf. 

£ 5^ ^ 21 »i 1 *n 2 ^HH ^>7l ^ls-sl^i ^ olelH-i- Lj-ej-vfl 
-& si ^^014. 

£ 6 5? £ 7£- ^ £ afl 3 ^ XI 4 ^Hc( ttj-s ^>7l ^lS.sl5l ^ ol 
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1020020067349 %^ 2003/5/3 

£ 8a ifl*l 51 11a ^ 51 8b ifl*l 51 llbfe *fi l, 2, 3 ^ 

4 *1aH1 * ^ofls-ofl u\-m. t} 7 ] M-Bj-vfl^ ^^£1- 

£ 12 ^ £ 13^ *H l 9! *| 3 ^^Hl hsIji 2 5? »1 4 <^ahh 

51 15 ifl*l £ 18-& -g- ^>7l Ei\4 ^u^Kr 7>7l ^lS^^l 

#51*11 ^ ZL «cHHl ^ ^J^-SAi, ^1 7]-7l ^tJ- 

^ ^ ^^Ei ^4 ^ Al^^l ^ofl i4ej-, cf^^v 7] - ^ -f^*v 

#51*11 ^Hl tfltb -2-^7} #7l-s>Jl *>*1#, ^7fl Aj-g-sq^ ofl^BM 

(SRAM, static random access memory), ^^(DRAM, dynamic RAM), #afl3 oflS-E) (FLASH 
memory) ^ #-fr*L*l| *\)SLZ\ (FeRAM, ferroelectric RAM) ^4 ^ "H5LE] 41*}^ #7l 
4^tr 71^ * ^7?* ^Hl #^171^1 ^^>J1 olcf. ^, Aj. 7 l 

59-5 



1020020067349 #<M ^*}: 2003/5/3 

<15> [ S i] 





SRAM 


DRAM 


FLASH 


FekAM 


MRAM 


READ 




j^r-x: 




o —i 




WRITE 













Non-volat i 1 i ty 


wa in 


HA T=! 


ol A. 


TO 


ol A 

-v. □ 


Refresh 












Size of Unit Cel 1 












Low Voltage for Operation 


7h* 


*M Si* 


#7|"¥ 


SMI Si-g- 


7^ 



£ laxr s]^^ £^^l( p -channel MOSFET)^: dfc.*Kpull-up device)^. 

^, # *l2.i(full CMOS)^ ^li^^l ^ ^ M-Bj-l^ 5]^ioiq-. AV 7 ) ofl^B?]^ 

^-(read) ^ 7l^-(write) ^fi£7> nfl-f trafiMM-, ±.2. ^<>1 ^Hr^-. 
^1^, A c v 7l ^l^^^r, ^J^, ^ €(unit cellH 67fl^ ^^1^5. 

71 nfl^-ofl ji^ajs^l o^ch 

tt 7fl£] ^ $ 7fl^ ?)tfA)B\3, ^^£]7l nfl^-ofl, ZL 

£ ^-71 ofl^Jit} ^^1 ^ cflef 10F 2 (F^r s|^7>^-aL7l (minimum Feature size)!- q- 

q^-^ #*r^ nr^( leakage )S ^iLS] « 0 M^>7] ^«fl, ^ ^S^Gns) ^S. 

s] = 2fl4i (refresh) -§-*M ^^q-. 
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1020020067349 #^ ^7}: 2003/5/3 

£ lcfe ##3*1 Ml— (NAND)^j *fl£.e]<i) <H3H» M-^vfl^ 

5|S.£o}cf. ^-7] NAND^ #efl4=) ^2.5]^ ^ ^^a1e^7> &JL^ ^ ^i».g- # 

*1 &7] ufl^ofl, ZL ^ ^ ^ ^ 4~8F 2 °14. °H A 

eh #7l NAND ^ #2fl4=) *flJELem .n^ ^sH^l -g-o]^- t^e} o]^^cf. 

33*1^, #7l #£fl4=l ^5.2) 7]s. 2.<= (write modeHH^ ^ 
ol 5-12VS ^L^, iTKerase) ^£^1 ^ ^-ir 3Hri=T. °H1 , #7l 

M S*V, #7] #Efl4=l ^12-51^ 7^j~§- 7}^t> 5^7]- 105-106«iO. 

^^(destructive) ^ofl ^-s-a] n>cf ^-IKrewritingH A^-^cf. SLfV, 

A oM ^-B-^^l nflS-S^ 7flA]-g- 7|-^*V ^ofl ^l*Vol oiooj, ^7_V ^fo] s-^- 
Q^A. °H1 ^-fr^l 7l)iL<HH ^si^-i-, ^ ^ tiV-g-^, 

-2^ o^^sj €-0-^ ^ ^ ^3/lfi ^?fl<a^ (scaling)^ o^^ - ^o.^ 

59-7 



1020020067349 #^ °J7>: 2003/5/3 

°H1 MRAM(magnetic RAM magnetoresi stive RAM)£- hI^^H^IjI, 7 flA> 

-g- *<MH ^fl^!r<=>l ®5L, Jl^j^Sl-*>7l JL4- ^ ^ ^^oj- ^^o] 7 >^*1: 

o>zfl*iM*r £2^1 £ 41- ^ 7)#<H1 4^ MRAM^ ^^tb^-. 

£ 2^ ^Efl 7l#ofl 4= MRAM^I H <>MH£] M-EfuH^ ^Tgso] ji ) £ 3^r £ 2 

I-I 1 ^- icj-5} Ji<*|*l^ q-B^tf. ^ 4fe ^efl 7l^ofl irf-E MRAMS] 

^H^IN TflolB ^#(15), ^ ^7fl^ 5}<?i#(word lineH Bfl^l^. ^7] 

7] ^^^#(11)^ « 0 V^ « 0 V%V(x^ »S-*)ol^al ^ nfl, #7l Tfloj^ *}^#(15)£r 
1 *o V ^(y^T y o V ^)-°-S tifl^l^q-. >^7l 7]]olE ^#(15) A}o]o] ^<^^(ll)ol]^ ^ 

#^-&(15)°l JE^Rr ^-KpointsHlxr H B^H^^7> ^^^4. 

7] #^<a^(20) MH*r ^- 7 ] Til o]h ^#(15H ^^*V 4^7H^ 0)3] e)-ols. 
(digit line, 30)°1 «fl*l€i=h A o v 7l f^^^O) * eHI#(30) A cHl^r <#7) A] 

°1B ^(15)-g- 7}3.*l=fe, ^ ^"71 f^^^(llH 3|^*V 4^ 7 fl^ alB ^Kl^bit 
line, 50)o] ufl^l^r^-. ^7} w ^ £}-<?] (50)4 # 7 1 tq^l ^(30) A>°Wfe, 7>7l 

59-8 



1020020067349 <Qt\: 2003/5/3 

(magnetic tunnel junction, MTJ , 40 H wfl*l£li=r. ^7] t\7\ ^ tK40)2}- 

71 t]*A 5}<y(30) AHofl^, ^7) = ^0} cg^(i6d)^ #^-(35H 
#7] 7>7l E|^ ^(40)^ #7l ^ ^^-(35)^ #Jf*S4 #7] tilB el-oi 
(50)^ ^H^l 33 ^#*Vc}-. ^"71 §^?Hi<3^(20) ^Htt, -*7l ^ ^^-(35)^ # 
71 JELeflo] ^^(16d)^- ^71 3-°3L ^SRr *r*l wfl^i(25)c>l wfl^mcf. -S-71 ^ 
^11^(25)^ * r sflS 4^ 7 fl^ ^£ A oM ^-g- di^-i <3 

^(16s)S] tf-^Tr iii l-elZL(26) ^ e}°l(28)ol *>3fl3. ^^t}. 

^71 7>7l E^ ^(40)2] 7l^-^oi 3^#(pinning layer, 42), 

(fixed layer, 44), ^^^(46) ^ 7>-B-^-(free layer ,48) £.3. ^€4. ' #7] x}7] E] 

(magnetization direction^ «o v f^7} t^^H ofe}- 37I] ^^r^. 7}sl- «J- 

*M 2\^9l #7} 7}7] E^ ^ ^-(40)2} 7-1 -sj- MR^o) ^ 

(mechanism)S oj-g-^cf. # 7 1 Jl^^-(44)^ 7}s)- ^^^1 ^/7)^ -g-^ ^ofl 

^ S^rtf. ^-71 S}^(42)£r ^71 Jl^^(44)^ 7^ JL^Kr %Kg- 

#o.s ^51 &t}. ojofl aj^fl, a 0 v 7 | 7>^-^-(48)^r ^7l ji^^ ( 44) 

2) 7}3\- cflgfl igig- - olOo| | ojufl ^-g-Sl^ 7]-5)- ^^^(44)0^ ^ 

^-^tr HH1 ^JSLl" sj-^^- ^7) fl = eK](15)*r alH E)-o](50) 

* #^tr -f, °]t ^^rSLS.^ 7>^^>rf. ojufl, ^- 7 ) - ^uv^ (44( 

48) ^-°1^ 7}^ « c V^ofl ttf^, ^^-51 371 €- 3Hr4. #7} 371^1 

*r°lfe ^-e.^1 ^>°1# M-Ef^Cf. olofl UlSfl, ^"71 7HfBV (48) o) 7 ]-2}. wj-*^ ^ 
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1020020067349 #^ 2003/5/3 

3^71 4^, ^ *<JiL» 71 Jj-*Hr «1B 2}?J(50) ^ ^3} ^ < ?1(30)# * 

^*}7)7] fl«fMfe, #7] 2^.01(50) ^ c}^ Bl-oi(30)<fl-H ^Sjfe 7>7l^ 3 

71 « ^7M7l^ « c v^oi Aj.-g.jg. ^ 01 cf. ^1^, aq- e)-<?l#(30, 50 W *>7l#S] 
37l7> ^-7}% ^-f, "L ^9jofl cfs. ^sol ^(disturbance^ *r 5^. 2L 

*\ -f-^^^S. ^"71 7>7RV^ 3711- #7M7l7l ^ -gre^ ^^-^ H7 ] # 

£ ol^ji7> 7l#^ ^30] *}7l ^-(resultant magnetic 

field)**! 37l# #7}a]z] ^ o}^ 7>7l ^I2.sl» Tfl^Hr 01 

01-SJI7} ^ 71 aZ^^r ^^o] 7>7l^Sl 3711- #7>A^ 

t 71-71 DflaBl^ ^ls *H^Rr n 91^}. 

^71 71^^ ozj-^ll- ^*}7l JH^m alH ^°J21- 

^31 Sf°J# ^l^Rr 7>7l nfl2.5ll- ^l^*Vcf. o] *>7l ^S.^^ 3g}igof| tifl^S)^ 

4^ 7 fl el CI3I a o v 7 ] ej-oj^-g. 7 >^1 s^a^ £cf^ ^ofl nfl^sl^ -*Hr 

7^ H1HB1-9J1- ^ ^"71 WjE ^OJ^ Aj-7] t]^ i^O] A]-0] ofl 7 1H£ 7>7l 

S^tH}. °H, ^d-7l ^°j3l- ^"71 ti ]E 5|o]^ Hl^^.^^1 51^>^ ^-gr Jf- 
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1020020067349 H*}: 2003/5/3 

oo> hV^^tII^, ^-71 sfois)- wis ^-91 Aj-o]^ jilz}-( angle of 

intersection)^: 15 vfl*l 75£^1^. S«3r, <#7] *\7] ^jfha- #7l «1B ^Kl^^ 

<31> ^"71 tilB ti|3l Sfo]# £ 7>7l E-j s ^^-l-^- «K51*ll7l# ^ofl tifl 

^ 5Ul}. °1 ^-f , ^"71 a>£All7l^; ^Hl ^ *S ^ ^ 1 u o V ^# ^ 2*H13B 

B 4iBi ^ =^1^1 ^^-1: ^1^, ^"71 i| H^^l^Eil-^ tIHb. ^i^- 

^^l^Ei-i-^ JELeflo] <3<*## tW£BB ^^^TlM- o^^Q. olcf. 

^-sflo] o^-fr ^ HL^r 1 ^-f , #7) HlB e^l^r ^l^Xzigzag) £ 

°o to J 3*1 «>^W. 

<33> a o V 7 ] H] B El-tl^r ^"71 -r-] — E^l ^*\*}3L, #7j 0| ^1 #7l $| £. Bf^l# 

H l^-§-«l ^ 91^-. o] 7^<^ t s£ 7 ] v)l\ 5}o]^- 2^}^SL^ «fl<l^ #7] H B 

^fl^liE-l-i-^ #JjL^. cfl^ S<£B5. 7>S.^]€-t4. 

<34> ^y] 71-7) E^ AH^, , H<£^ ^ 4* D -}iS ^ 

^4. °l«fl, #71 -H^£r ^ #7.>#BV ( =^l^-nV ^ Aj-w. 7j-7V^nVO. 

5- ^l^-^^ ^ 514. °H #7l 7f7l E|^ ^^-51 S.<££- 2.A^el7> Ef-gr^^, 
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1020020067349 #^ <y*}: 2003/5/3 

^ #°fl ^>7l ^tl"* ^, #7l 7}7l E^ ^^-ofl 3)^ H] B ^o] 

#71 Cl^l Bl-ollr-g- wV£^7m #°fl t§^§ ^ ojt}. ol ^o. , a o V 7 ] d^l Bj-o]^ 
^^*>7l ^ofl, #71 1^17]^ #°fl ^ ^ ^ <g a j- % >,|- 2^^0.5. wfl^Sl^ 

Ei 5Lf"^ ^£ $14. °1 1, #71 ^ H^^l^Eil- ^*Hr cj^l ^ #71 tiV£*ll 

7msl ^<g<*ofl 4i7>^-el^ ^<sH #^^^1-^ *V^^, #71 ^ ^ 

7>S*l=^r 4^7fl5l <$EL Sl-ol-i-^ ^^*V A>ol o) ^ eg erf ofl j= 

tt^, #71 ^>7l %^7] ^ofl, # 7 ] c e1 |o] cgcdjj}. aV 7 ) E ^ 

^7l^O.S. ^^lJE^-, #71 #^- ^Ti^^nV AV 7 ) ^J=L f^^n^a. ^ 
-f"*H #71 J=5fl°] <^°il tiflAl.g- d ^£ #71 7>7l 



SEtb, #7l ^ f^^uV|. ^sRr ^Tjl^ #7] i| B^H^l^E^ 5£^-cT>^ UV 
£^l7l^ ^^ofl ^1 1 f^^o^-fr ^^kV ^, o}^ ^-f-^H #71 JELefl*! cgerf 

^ <3SH1 ^#*>^ #E^#^- #7fl-I- 3L^*Hr ^o] wV#^c?> 
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1020020067349 #^ <2J*>: 2003/5/3 

Cf. ^"71 X| 1 <5>-^ #*Hi<3^ ^-ofl AV 7 1 SEfl S^ZLO] ^-Jfl- afl i =. 

# 3fl€# ^^*>Jl f #71 XI 1 ^ Hfl^-fr if-SRr «V3E^l7)^ ^^ofl X] 2 s}^- 
^^V^^ev^. -si ( ^. 7 i ^ 2 f^V^nKg. ^. 7] xl 1 sfilHl 

^^Rr *W 1-&|ZL» ^*Hr ^rXlS- 3 iU-tl-cf. ^"71 XI 1 ^ XI 2 <5>^f 

€ ^ #^ZLl-# <2^KE^- ^^Slcf. ^7} «M #2-^^ 3fl = ^- Al- 7 1 ceflo] cgc* 
<39> ^ ^-^ofl f Aj-7] ^3} ^o] ^ yje eJ-O] o. #7l $) = SK]^ 

^1 ja^Hl-s^- ^^g- ^ ^4. on- ^«fl f ^-7] t}3! ej-o] ^ alH 5f°J^ 2^^^ 

<40> ol^ ( ^«-*V 5L^## ^ « 1-^-31^ ^Hl» AV^§1 ^t^}7j5- 

5^. <*]7H 4l7fl£l^ ^AH]^ 7 flAl^ tfl-g-Oj ^7^>J7 ^^sfl^ 

^ XJJE^ ZL^JL ^-^7H1X1 Affol ^g-*] ^ Oj^S. 5]-7l ^Sfl X] 

^SH^l ^olcf. #ol Cf^ a 7]^- ^ 0 H1 ^Cfjl <a^-^<X^l^ ^^^1 ZL 

^J^- # SLtt 7m ^ 0 H1 ^ Sl7m £^ H# AfoHl ^1] 3^ 7fl 

Xl€ ^-E ^Cf. 
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1020020067349 #^ 2003/5/3 

£ ^ ^12.^21 cf^ ^ A-ls. 33 eKl, «1 

«fl1€ ^ 0 ^13-°5L wfll^ 5W. *T, 7]-7l ^s.Blsl ^ 

OH] c^H, ^ofl n}^- 7>7l ^lS.e)^ H^^l^-i-ol ^s)^ a>£^7)^r 
-S: ^til^M- ^H]^>7l oy^ <£X\c% 2.= 7^^cf. ^, #7l x£o) ^o. H ^^^ E ^ 
^l^Ml t!: 7flsl e-1^^ 7>7l 7-1 ( t unne 1 i ng magnetoresi stive, TMR) 

^£ 5^. ^1 ^71 7>7l oflSi^B^l^BlSS. ^3^7 7l^f 

t 5^. <£4 «o v ^^r ^ 3fl7l^l(chip package)^ ^-g-s}^ ^o]6] £-^( w ire 
bonding), (f 1 ip-chip bonding), ^HCsolder bumps)* 

^ ^V-g-€ ^ TMR i7f^nV ^£ ^ 7 l ^^Sll- tiV£^7)^;ofl ^ 

^Sl^r 7l^ 2^1 o^*}^ ^^Hl^ ^7H ^«fl ^711 ^ 4^*1, 

o}eHM^r «>^*V ^^HHl ^ 7>7l nflSSK^, B^^l^Ei^* ^}^\ 

^ a>-£^l7l^r ^Hl 7>7l ^lS.5l) ^ ZL <M ^Ml^Ml 

£ 5tt t^^l ^1 1 ^ ^1 2 ^^Hl# ^t^^ 7 i ^ sfl> pH2e1(MRAM)51 

0 4^^r M-El-gi^ sls^olcf. 
£ 51- &2i-s}t&, ^ 7 fl5l ^ e^^^e^o] ^ Hj-^t ^ <g « 0 i-^§- tcfel- 2*R13 
^S. Hfl^^cf. A oM H H^7l^#^ AA TllolHCG), ^^i(S) ^ -B3l<d(D)* ^ 

«}£^l7l^^ ^^sl^ MOSFET.2.5., ^-^7)1 si fls. el-^l:(WL) ^ 
^•l-(BL)ofl sl*H ^^sl cf. av 7 i ^1 — el-^llrCWL) ^ wis ej-^lrCBD^- AA ^ H 0 V ^ 
^ ^ H o v frt- ^ afllsl^, ^"71 ^ H€^l^Bi#Sl TflolHl-(G) ^ =efloll-(D)<Hl ^ 
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1020020067349 #^ ^7}: 2003/5/3 

^£4. #7l «1H eKl(BL)-4 #7l -t H^l^Ei!- 7>l-°H^r E^ ^(magnetic 

tunnel junction, MTJH afl^l^cf. MTJ^ MRAM°fl>H ^Ji *1#* ^tt ^SS. A>-g- 

#7l ^ H^l^Eilr-g; ^7fl^ c]3! eKl#(DL)°l tifl^^cf. # 7 1 

^ ^#(WL)4 #7l ^l-(DL)^ S.^ ^"71 HIS H}olS. (BL) ^ 7^)3^ 

°H. € B^l^Eil- ^*}^r °] — Ej-oi(WL), «1H e)-o](BL) £ 

^ eKl(DL)-§: i5)t 1, #7l ^3= E>o](WL)^ #7l e)-oi(DL)^ ^«fl 

*S B^^iEU-^- ^^^>C}. ^, #71 ^.E. H^CWL)^ #71 Cl^l El-<y(DL)-er ^ "o V 

-a H^iiE-ii-^r o]6\) »ai«n , # 7 i «ib e^cbu^ #7i ^ 

= 3^1 (WL) ^ t^! eftKDDofl afl^l^ ^ H^M^-M: <g^*Vcf. 

#7l cl^l 5l-<a(DL) ^ «1B El-<y(BL)°l B^I^eH^ i^z^o.^. ^^l 

51 8a 3> 51 8b^r *fl 1 ^*H] ^ n ^ojH rc^ MRAM21 -f ^^o] 

^^cf. £ 18£- £ 8a, £ 8b, £ 9a, 9b, 10a, 10b, 11a ^ llb^l I-r-g- tcj-el-, «v 
^ ^Aj^oi] nfs. MRAM©! ^ o] z]) o) <U*v^__ ul-El-qi^ -g-^ ^^Solcf. 

51 5, 51 8a ^ 51 18# 1>i= ^71^(100)^1 i^^l ^M-g-Hl ^"(110) 

°1 Hfl^mcf. #7l ^7f^-5l°]-(110)^ 2^2j0 5. u fl<g^ 4^7fl «1 %^^<^-i-(105)-g- 
t^W. #71 ##^^-i-(105) ^ i^^-el5|(ll0)* 7>s.^el 4^71121 7^1 o] 

— #^S(130), ^ ^Hr7fl2l ^ = e}oll-ol Hfl^l^cl-. #71 Tflols ^i^-l-(130)^ <1 « 0 V 
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1020020067349 ^7}: 2003/5/3 

%Ky^)4 38«8*}th ^71 *^<S^*(105')^ -8-71 ^ ^ tIMh #^1-(130) 

2]- JE^t^. °H1 ^"71 zj- %^<3<*U105)£- 37flSl -^-^-0.5. M-Y^^l^. ^7l *V 

tIMh ^##(130) A>ol^ %a^^( 105 )^^ ^ ^^(1503)^1 
, #71 ^ ^(150s)^ «^^^1-(105)<H1^ H.efl<y <^^#(150d)^l 

^€4. 4^1, 4 v 7l 7flo|H #^1-(130) ^ ^7l #^^^*(105)ol ^ 
1- (pointsH H^^l^Eil-ol ^s}tf. ^4^.05., ^ H^S^l^E^o. <g ^ 

^^^-(160) ^ 2 ^ #^<3 ^-(190)^.3. #*M<d^H1 ^31 

4. ^71 1 ^ ^?_>^^^(160)-i- #-f^H, ^-71 ^ <g<*»(150s) ^ ^efl 

°J ^(150dHl ^sKr f^j ^eizL#(i70)ol Hfl*]£cf. ^-71 ^1 l ^ 
(160) -SMIfe, ^-71 ^-f- (150s) ol) ^#*Hr #si^.l-(170)* ^^Hfr 

^SL+ 2f^](180s)o] Mfl^l€^. a>^-3i^7fl^ #71 ±SL^ H^ol(180s)^r 7flS] $1 = 
2*^(130) gofl 3*1^: ^7flfil W ^^l-(150s)^- <£^tf. °H u^, # 

71 ^^.i 2}tl(180s)^- #7) £|= 5^-^1(130)^1 ^^*>cl-. #7l ^ 1 <5>-*f f^^*}- 
(160) ^Hlu, #71 ^ 11(170)1- #7l Heil<y <§<*(l50d)°il ^^Hir ^1 1 

^ 4€(180)ol aH^sl4. #7l 1 ^ sfl€(180)4 e}-oi(i80s)£r ¥^1 ^ 

#^-7f ^o] ,4^^. #7l 2 ^ ^^^^^-(190)^ #7l l 

4^(180) ^ e}<y(180s)-§- i^Hr *}I£x\}7}$;9) ^^cf. #7) 

2 ^ #^-^^^-(190)* ^-f-*}^, 1 ^ 4 ^ (180)^1 ^^ofl ^^>^ 

wl^> #eizLl-( 200)^1 wfl^mcf . 
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#7l *H 2 *}^f #^^^-(190) #°fl^ #7l %#<3^#(105) ^ ^V^-em-(llO) 

7>S*1=5), #7l ^JEL B}ol(130)# Wl^^-^j-Tll JE^H>^ ^#(210)^ tifl ^1 51 

4. #7} c]3l ^#(210) 4°H °13 ^sl(space)l- ^*>7l ^efl, o] 

^HH #7} ^°Jl-(210)£r sgfl^. £*1 7.>( zigzag) 3.^91 %°] wHMW. 

#7l XI 2 <5}-¥- ^^^^"(190) #°fl ^ #7l e|-^#(210)^^-Ei o^sH, # 7 1 

ajo}. #&|zl(200H1 XI 2 ^ *fl€(215)°l Bfl*l£)*r ?H w >^^>cf. ^ 

3-° 3., #71 Xl 2 3fl€(215)£r #7} J=efl<?l <3^(150d)Xl ^^t=K #71 ^1 2 ^ 

^ sfl€(215) £ #71 cl^l £}-?J(210)£- ^ £ #^3l #^-7> % °1 

#7l ^ sl-^l-i-(210)-ar ^ ^lE-Xl^^ #«. ^Ti^^^-ofl °lsfl go} 

^14. h>3>3*M1^, #71 #Jf %-7}*d<&^ *M|3. 3#£ Xl 1 #-?- ##^9jeV(220) 
^ Xl 2 #Jj L ^^>^^^-(250)o.S ^^cf. #71 Xl 1 #Jf ##^^(220) #°fl^f 
#7l cl^l 5l-o](210)5l #^-1- ^lM-^ *>Jf #^-(230)<X Hfl^l^tf. #7l ^ ^(230) 
•Br #71 Xl 1 #Jf ^?i^9i^(220)-8- ^*>tt 5fl^(225)<Hl &m #71 XI 2 ^ 

5fl€(215)<Hl 91^^^. 

#71 ^^"(230)* i^-SRr ^VEXM^ #7l Xl 2 #-^ #^^E^ 

(250H £l*fl g^^lcf. #71 XI 2 ^7i^^nv ( 250) #ofl^- # 7 1 $J = eKl(l30)-§: 

^*)*>Xl 7^^s^ 4^7fl2l HlB H}-°J#(260)°1 afl^l^Cl-. o]ofl Of 2^, $ 7 flo} U ) H 

^°J(260)£r #71 cl^l el-o] (210)4 «l^-§-tb ^^M- ^^^^ ^-^7fl^ tq^l 2}9J# 
(210)-g- 7^l€-cf. #7l JHZ1--8- 15°ifl*l 75°°J 
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o]^-5L, ojs. cg^s.^-, oj-g- cfl%l^( translation symmetry)^- # 

^cf. o|ofl ul^fl, ^ 7 fl^ flj= ^^(130)^8- ^^(210)21- ti]-^.^ 

^^ < y 71-1: tfl^ (mirror symmetry)-!- 

#71 «1H 4<?1(260)^ ^-71 ^ ^(230)^ ^71 2 ^ ^*M<3^ V (250)^: 
^-g-*Rr 7>7l E^ ^(240 HI ^*fl ^^€4. ^71 7>7l E-]^ ^(240)£- ^ 

^^(pinning layer, 242), fixed layer, 244), *i£SJ-(246) ^ 7Kr ,3 f 

(free layer, 248)SL£. ^^t}. ^7) 3\^*\(242)-& IrMn, PtMn, MnO, MnS, MnTe, 
MnF 2 , FeF 2 , FeCl 2 , FeO, CoCl 2> CoO, NiCl 2 , NiO ^ Cr ^ ^-8r 

(anti-ferromagnetic layers) ^°]Sl ^7}^] S. o|^^^]^ w>b3-^3:|- 

tj-. <#7] ji^s]-(244) * 7>-^-^.(248)^: AA Fe, Co, Ni , Gd, Dy, MnAs, MnBi , MnSb, 
Cr0 2 , MnOFe 2 0 3 , FeOFe 2 0 3, NiOFe 2 0 3 , CuOFe 2 0 3 , MgOFe 2 0 3 , EuO ^ Y 3 Fe 5 0i 2 ^ ^ 
^l-^^-l-C ferromagnetic layers) f^H -Sd^€ *H:£ ^7^|^ °1 ^f-^l^ 3Jo] h> 

, A o v 7l Jl^^-(244)^- #*H<3 #^1- a>°H ^Iet^CRuH b| 

711^51^ 3# ^ Sm. ^-71 ^^°H246)^- IH^I^ AVsf^^ wf^^j-cf. 

^•7) 7\7] Ei^ ^^-(240)^- ^Aj-Z^o} j^ojo. ^--c^ ^AltV #7] W] H 

&r<?l(260) »o V ^ ^°l7> E-1 ^Al-^o] a|.^-2is>c|-. JE^, a o v 7 ) *j. 7 j E ^ 

^(240)£r £ 8b<H] £A]tV ^3)<4i£tgo} ^ 01^ oH] ^fo^ 

A o v 7l *\7] E^ ^(240) &f^€ ^rSL 9X^. 
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<56> £ 9a^ -g- ^1 2 ^aHH af^ MRAM^ ^ o^o] < S-¥-^-* M-H^-ifl^ 

^^£o}cf. o] xi 2 ^aHI^- xl i *jAH<aJ- ^oj^ £ 5<Hl -f-*fl 

scf. nj-^, xl 1 ^Hls}-^ #43^ 5. 9a» % V S*H ^ 

rgo^ xl 2 

<57> JE 5, 51 9a ^ £ 18* ^r^}^., 4^ti^ s]-o]s-(210)o] #7l X] 2 S}-^ 

#^^^nV (190) Aj-ofl Hll^SjcX, %^^^#(105) ^ ^r^sWllO)* ^M^Ml 

7>iMW. ojofl ^-7] efo]#(210)^ #7l £)2= 2^^11:(130)^- ig^*>rf. 

<58> #7} XI 2 ^-t- ^^^^^"(250) ^Ml^r, #7} e}°I#(210)* wl^-i-^l-Xl 7> 

3*1=^ ^7fl^ tilH ^ois. ( 2 6 o)ol afl^^cf. # 7 ] W ]B ^l-(260) ^-g-*V 

33-J±<5l-7l 4>7l tilH ^#(260)^ ^5. ^*Str ^1*} 5.<£<y 

til-BJ-^H}. *V 7 fl^ «1H e^^l (260)4 #71 tq^l ^^#(210)01 JUa^^t ^ 
W 1 ^* ^l^Jl, ol^- <$<*\%^, £Al^ ^^Ej ; tii^-^oj cfl^^(mirror 
symmetry)* ^^cf. 

<59> a o v 7 i e}^]^(260)4 #71 cl^l 5} o]§(210) ^>oHl^ X] 1 ^ a] ofl ofl a-1 sq. ^.oj 

*}7l] ^>7l Ei^ ^^"(240)01 afl^l^Cf. #71 *>7l Ei^ ^(240)£: #7l tflB efo] 
(260) «o V ^ ^^17> Dj ^0A>Zl-^ol j^o^ol ^ol ^^1^. #7l ^>7l E^ 

^ ^(240)^: £ 9b°fl £A]?r %5\e* 5§^A>^^ol £ oj: # 7] .^ ^ ol^ ^ ^ 

^ ^(240)^ S^El^ ef*^^ ^51 

<eo> 51 6€- ^sl XI 3 *J*H1« ^is}7) 3l*fl , A>7l ^lSLE] (MRAM)°^ H o^ol*! 

^-g-* M-Ej-ifl^- SlSSolcK £ 10a ^ XI 3 ^aHH n)-s. ,^0} a£ o] Z ]) 

59-19 



1020020067349 2003/5/3 

A)d\}9±<>\ ^^s)^ ^iW^, £ i0a» *]j 3 41*1 

<6i> £ 6, £ 10a ^ £ 18# °1 ^HHH^l ^ e^l-(DL)^ 2*R13-° 

3. tifl<l=l ^ E^^S-cq AVtLS. cfl^o.s. 7>^^l^cf. BK1»(130) ^ w}H 

°H1 & 7fl^| c]^l e>o](210)-^ £| — e|^(130) ^ «1B e}o](260) 5.-^1- 

<62> ev^, o] ^X\d\]d\) afs^ ; ^-71 $| = eK!(130)-2|- ^31 ^^(210)^- ^iS 

^l^-Sr 71^- £=oflAi *V 7 fl<2] ^ ^^1(210)^1 ^*fl *]^^r € H^^liEifSl- ^ 
^^AS, ti-7fl^ ^ H^^l^El7> ^ S.J=*«M *}l»<gtL. 

<63> HIE EfO]S. (26 0)2]. ^71 t^^l Sj-«?1#(210) A>olofl^ 1 A] X\ ofl 6\] A-} £>}- ^ 

^>7l E^ ^^"(240)01 tifl^^Cf. ^7} 7s\7] E^ ^(240)£r <#7] H £}-<?! 
(260) ^°17> D| ^AlZ^o] ^o] ti)-BJ-^}c|-. *1^ ( a o V 7 ] E ^ 

1 ^^-(240)^8: £ 10b^] ^a^ 3*1^ ^^j-^o] ^ ^ oicj. ^v 7l ^ 

Ei^ ^(240)^ j^s]^ E}-^^ oicf. 
<64> £ 7-g- ^- ^] 4 ^^^ 7] o 1 ^) > DflS-^CMR^O^ ^ <H efl ^| 

^-^^•^ M-El-vH^ s^ioJcK £ Ha^ ^- Tfl 4 ^aH)o)1 nf^ MRAM^I iS ^ e fl 

59-20 



1020020067349 #3 2003/5/3 

^a]^]^ ^ a. ^sH*}^, £ Hal- #i*H 1^2] *fl 4 ^aHU- 

51 7, 51 11a ^ 51 18# o] A^lo|o)|Ajs] u]H s^^l-(BL)^ 2*RJ3-2- 

3. wfll^l ifi E^^l^Ei^o] tflz^o.^. 7>3.*l€-t}. cqn. Hf<yi-(130) 3? 

&|- < y-i-(210)# i^SHir t}€- ^ i±t^ 2 ^HoflAi -gtg^j. w>sf ^<5>t}-. 
°H1 7fl<^ u)e 5fo](260)^ ^J= 5^1(130) ^ ^3! 5KK210) 5L^» 

#7j h] M 2}<y#(260)^ ^-7] e}°l-I-(210) ^Ho^ ^ 2 ^ a] ofl ofl a-] 

^>7fl ^>7l E]g ^^-(240)ol afl^l^cf. 4I-7I x}7] E^i ^(240)£- #7l «1H ^91 
(260) ^°17> i^8r 3^-^ 5L<£<y ^Jo) taj-B^^c}.. av 7 ) ^ 

^ ^tj-(240)^ 51 llb^l 51Al*V 3gsgA>^cq s.o^ 7> ^ ^ oi^ ^ ^ 

^ ^(240)^ 5LA^^ ^51 ^cf. 

51 12^ ^-tgo^ ^ x ^ ^ 3 ^aI^o]] 4s 7 ]. 7 i ^]se1# ^Ml^Ml ^^^71 

51 12-1- %^^>^, ^ u oHKx^ y o Vf 80* win B)-<y (260)^1 afl^l^tl-. # 7 ] «1 

H el-<y(260)^ ol-Eflo!}^ z}- ^u>t^- ^^-(230)^1 7fl*j uti*l=Jc]-. #7] ^ 

^•(230)4 a o v 7 ] u]e sfo](260) A)-o]ofl^ 7\ 7 } E^ ^^-(240)ol 7fl *lj £ t} . aV 7 ] t.}7] 
^ s ^(240)£r *>Bfl3. 3)^(242), Jl^^-(244), ^^(246) ^ *1-B-^ 
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(248)^.5. ^^cf. ^"71 ^^(242) ^ #7l 7.>-a-nV(248)^ ^ # 7 ) ^ 
(230) ^ #7l HlH ^(260)^1 3^ A o v 7l ^ ^^-(230) o>Bfl°fl^r, #7l 

wlH h}-<?](260H1 eKl(210)°l afl^tf. #7l <5>-^ #^-(230)4 #7] ^ 

3l 2^(210)^ ol^sluf . # 7 ] #^-(230)£- H H^l^E^ =^o] ojoaofl 

^^>7l ^ 3fl^l(225)<Hl <^^€cf. 

ol ^AH-i-ofl !X)-S 1 g ( £ a]^ #7] S|-Ol(210)^r ^"71 ^JEL ^)-<?l «j- 

ti^^^-Jl, A o V 7 l 2^-01(260)^ ^71 = E^-O] ^(y^ ^)*\] 

£ 13^ *ll 2 ^ 4 -^aHH 14s. ^2.^]=. ufBfuH^ A>Al£ol 

5L 13* <i « 0 HKy^ u o v ^)* 4^ ^31 ^(210)ol nfl^t}. # 7 1 t} 

31 5K1(210)S] #-^1^ A ^ ^i^-(230)ol *V 7fl^ afl^l^cf. #7l *}JjL # 

^-(230)^ ^7l t^^l eK](210H w c HKx^ ^H*)*?! 7 A°] ^H^H, ^-71 *}Jf 

^■^-(230)4 #7] ^^1 ^o](210)^r ^j- ol^^cf. 21*1, ^1-71 ^^-(230)^ -fc^j 

^ofl^r € B^l^E^ H.eflo] <3<*ofl ^#<5}7l ^ *1 3flfi(225)°l wfl^l^cf. 

A oM sV-f- #^-(230)^ #^)^r #7l (210)* tij^-g-^ 7 >S.^s.^ «1H 

Ef-°J(260)°1 tifl^l^4. #7] ^^-(230)4 <%7] sj-<?l(260) a}°H1^ 7 >7l E-| 

^ ^^ V (240)ol 7fl^^Cf. ^"71 X\7] Ei^ ^(240)£r *Ml5. ^ §^ 31) ^ nV ( 242 ) , J7 

^^•(244), ^^^V(246) ^ 7f^- ^-(248)^5. ^-#^cf. #7l 31)^^.(242) ^ #7l 7}-pr 
^(248)^ ^4 #71 ^(230) ^ #71 alH El-ol(260)^l <^^^cf. 
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<73> O] ^X\*\]o]] Of 2^, £A]^ 3*^, <#7] C^^ ej-«?l(210)^- ^"71 = e}-Ol ^ 

(y^ u o v ^)4 ^W^-, #71 wlB £r?J(260)£r -^-7] ^EL ej-°l * ^31 ej-oi(210) 

oil tij^-i-^rf. 

<74> £ 14^ tilB ^^(260)^ TiJal ^^(210)ol til^-g-^Tll ^Jf , ziofl 4=- 

<75> £ 141- ^mellol^ 7l## A^l-ol, ulB eKl(260)4 ^3! ^^(210) 

*\o}°\ ^z^o] z}-z}- 90° (301), 75° (302), 60° (303), 45° (304) ^ 30° (305)^ 

#SW7l 71 ^Jl*! #7l ulH 2^(260) ^ e)-ol (210)^1 Xjs-^- oj-o> 

^-7] cq^i ^01(210)^1 ^7} 7mA °J «fl , #7l «1B e^°J(260)^ # 
fr^r A oM IRZH 90°<?1 * 60°<?1 ^-foJl zfrz]- tflsf 8mA £ 4mA 53 4. 

<76> ojBlt!- #71 ^V-B-^(248)S1 7>5l- « 0 >^ 7^ ^>7l ^ 3.71 

(magnitude of a magnetic field)^-, #7] el-°J(210)3f «1B 5r°J(260)* 

^fr^ofl 51*11 ^slfe 7>7]^-l-5l tfla^ (scalar product of magnetic f ield)°fl 5}3fl £ 
^^4^ ^^«-Ei o}^^ ^ ^t}. 4^ 90 o ^ qoo^ 0 H7]7> ^ 

tHr-^ cosG 51 #o] f7fs}££, >S-7l 1^131 2f°J(210)2}- «1B 2}°] (260) M^o) 
#^tHr^- ^3°J 7>7l^-5l 37l(magnitude of resultant magnetic field)^ ^7>*V 
cf. nfsl-A^ av 7 ] mzl-ol yl^ig ^s., £Al^ ^sl ^ji-i- ^711 ^^-a!^ ^ 

<77> ^21-^o.s., #7l Al^-ellol^^ ^jj}.- W ]H Hl-tl (260)4 &r°J (210)^1 wl^-E- 

*>7ll , zj- e| ol#(260, 210)* * = ^ #4^1^ ^ ojnl^c}-. 



59-23 



1020020067349 ^^ 2003/5/3 

3^ JH^S}^ ^## ^is|t ^ 

£ 15 tfl*l £ 18-^ afl 1 ^ AH ofl rcj-^. 7\7] v\}5L?)S>\ v+ 

Ej-vfl^ ^ ^HSS*!, £ 8a^] I-r^r ^Ir^ M-E}«a4. £ ^ 

3 7>^tb ^Aj^^-g- (Sfl^Kr ^--g-<>lH) £ 8b, £ 9a, £ 9b, £ 10a, IE 10b, 

£ 11a ^ S llbl SLAltl- ^S.*^- &5L-s}°$ ^*}7}£- 

£ 151- &^*}# , ^£^71^(100)^ ^^<g^o]l ^|.^-^n|(110)^- ^Aj^o^ ^ 

O.^ ^B^^M #7l %^°J^#(105) g ^>^-S]n]-( H0)o] 7^ 
*liMr 4^7fl2] Jga^ TflolB 3fl€l:(135)# ^^^tf. #7l 7)}°}^ s)l^#(135)^ y-\ 
A^r TflojE %<&^ 3flEl(120) ^ 711 130)-2-S ^«gt}. d) 7 ] 

*\, #7l *^^^1-(105)^ zj-zjvg, Aj. 7 ] ^j. ^ TflojE ^^(130)1!}- ja^Vcf. #7l 

TlMB 4^(135)^: #7l Tfloje ^^-(130) #ofl Aj £) ^ ?fl^ C) 
Sm. #71 TflolH 3^(130)^ efo](word lineHl sfl^W. 

#7l 7l]olH 3fl 11(135) ^ #71 ^71-^-51 B]-(110)# ol-g. <~oj n^H^S. A}-g-s}<ij 
, #71 «#<3^#(105H1 o^^-i- ^<y*Vcf. n ^oif, # 7 1 zj. ^ojo^ (105) 

37fl<2l lr^# ^«#ol ^Aj^d-. ois. 371] o] <8^# ^ 71-^-cfl^ 

°3^£r ^^-^ ^^(150s)^l Sfl^ul, M-^7>1 ^5flo] <3<*(150d) 

°fl «fl#t!-Cf. °H1 451" , #7] ^ *AjojO^ (105 )oll *V ^o] j£ E^^l^ E ^S.ol ^Aj^cf 

. £ 43 .2.3., #71 ifi B^^l^Eil-^- #7l aVS.^11 7l^(100)o)l «o V ^ ^ 91 y o V ^* 
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4^ 2*}QmL3. wfll^nf. o]c]^ t a o v 7 ] ^ojH 3fl€(135)^ ^-fr *V 

-g-*H ^3)] oH(140)« ^^W. 

£ 16* ^S*}^, (140)1- ^ tiV£*]l7l^ ^^<H1 , 1 <E>>^ # 

^^^"(160)* ^*Vt}. ^-71 *1] 1 ?>}if ^^^ov (160 )^. sflE^^H, #71 
:£_2.i/J=efl<y ^^lr(150s, 150(1)* ^#^7^ W. ssfl.g. iflofl 

H o v ^* *}-§-^H ^"71 i^.i/£Leflo] cg^- (150S) i50d)<Hl <Ms^ f-^ 
^(170)* ^ ^"71 ^ l-einl-(i70)# «>£^7l^ *H£ofl l =4- 

^ *§^W. ^"71 1 ^4^* 3xflE^§H, ^-71 si» #e|zl#(170)# ^1 1 

^ 3fli£(180) ^ 2+°J(180s)^: #71 5^(180s)^ #7l ^ 

#ein(170)« **fl ^-71 ^-f- <3^#(150sHl . a}^*}^, #7l *V 

#3] TiHE 3flH;il-(135) A>Ol^ <^ ( 1Q5 ) ofl ^ ^ ^ 1; ( 150 S ) ^ 

^"71 ^SL^ (180s)* -f-sfl 1 «o V ^S ^^m-. ^-7] ^1 1 ^ 3fl<H(180)£- 
A ^ #eizi(170)iL^ ^ 7>^^a^ ( ^v 7 j ^o] (180s) 0.3.2=1. E ^ o]^^ 

#71 1 ^ 3fl^(i80) ^ ^^.^i 2}<?}(180s)* ^ «>i^l7l^ ^ofl, 
2 ^ #?i^<?!^-(190)* ^*V£f. ojnfl, ^ 1 ^ 2 ^ ^^.^(160, 
190)£r f^i^* #7] 2 *}-*f #^^Sl5V(190)* sflE^S}^, ^7) 

1 5ifl^i(i80)^ ^#Al7l^ 1 alo> Aj-7] ^ ! ti io> 1- 

^ ^ <3^=HH #7l d^$_i 2]-<y(180s)^ ^-¥-^-£ ic#A]7jcf. a>71 l ale]- ^--g- 
4^7fls] a]o> #e^zil-(200)* ^ 
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<83> H 17# , ^r7] v]o\ #£izi-i-(200)*- a]r£^l7l^ ^ofl 4 2 

^nKg. ^^^-cf. ^"71 2 ^*M- sflBi^^H ^7fl2l 2 ^ 2fl^§ (2 i5) ^ 
2^1^(210)* ^^W. ^7} *fl 2 sfl €(215)£r #7l tilo> #ain^(200)^ 

^f^* ^^U, ^7} ^^(210)^: ^71 ^^^I-CIOS) ^ 4i7>^^nV 

(110)* 7>S.Xls^ ; A o V 7 l ^o](130)^- 7jA>^7fl S^K>£^- ^^^Cf. ^-71 

2^»(210) A}o|o} AS# ^1^71 ^*fl, ^- 7 1 5^o]l-(210)^r i^l 7>( zigzag) 2- 

<84> A o V 7l ^ 5}o]S :(210) ^ £ 9a> £ 9b> £ na £ llbo]1 CAlfl ^-71 

flS- 5^o](130)^ ^^tl" ^JiS ^£ 5^. S*b, #7l ^31 2R1#(210)£: 

£ 10a ^ £ lOb^l £^1*1 33 2*R}^ yfll^ #7l i3 H^^l^Bi^^ ^-Jfig 

<85> ^-71 2 ^€#(215) ^ 2j-«?lS(210)°l <g>S€ ^rH^7l^ , 

1 #^>^^^(220)* ^71 *)1 1 ^"W. #7J-^^hV(220)* ^^*>^ # 

^-7] tq^l e(-oi(210) ^Hl ^-71 ^1 1 ^ #^-^^^-(220)^1 ^Ml* ^> 

<86> ^-71 ^1 1 ^ ^7i^^B]-(220)# sflB^H, #7l 2 ^ sfl^(215)^l ^ v ^- 

71 JEieflol <3<*»(150dHl ^^tt 51 # 5fl€(225)## ^t^. 
<87> *V^, ^-7} 2 ^r^°l Aj-7] u]o> ^ ^SL^ ^Aj^-o. S *| A oM Ul^f 

^(200)^ ^-7] ^11 2 ^ 311 €(215) ^ ^(210)21- ^Alofl o^cf. 
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£ 18* ^SSl-'S, #7l 1 #?i^°lsi-(220) -S-ofl #7l 3fli£(225Hl 

^*Rr ^ #^(230) ^ *}7l ^ ^(240)* #7] ^ ^(230)-^ 

#7} 4^(225)^1 ^Hfigofl 3^*}^, ^-71 t^^l 5}o](210)^ tf-^S *l*+5=^ 

^^€4. rq^l S]-ol(210)4 #7l ^ ^^-(230)-^ i^S] ^o] , ^^Tflfe # 

71 ^olnV^ ol^^cf. ^-71 3^(225)^: ^ #^-(230)°l #7] 

*ll 2 t>W *H3-Sm %<*§qr<L3,»t , #7] S}Jf ^^-(230)4 *g#^- - £ oi 

#7] 7>7l 3fK240)€r 21^^(242), Jl^^(244), 

(246) ^ *Vfi-^(248)-i- 5.^-^. ^71 21^^(242)^: IrMn, PtMn, MnO, MnS, MnTe, 
MnF 2) FeF 2 , FeCl 2 , FeO, CoCl 2 , Co0, NiCl 2 , NiO ^ Cr ^4 

(anti-ferromagnetic layers) iMM &7}x}g. *§*$z>}^ ^rlM^r^T 

. #7l ji^nv(244) ^ *Kj-tq-(248)£- zfzj- Fe, Co, Ni , Gd, Dy, MnAs, MnBi , MnSb, 
Cr0 2 , Mn0Fe 2 0 3> FeOFe 2 0 3 , NiOFe 2 0 3> Cu0Fe 2 0 3> MgOFe 2 0 3 , EuO ^ Y 3 Fe 5 0i 2 ^4 7j- 
7>^^-l-( ferromagnetic layers) f^H ^€ ^7}^]S. ^*}^ 

^1, ^"71 Jl^^-(244)^r #7>^ ^£]tt #^-JI^4 *HfuL 

^nv A> olc)l ^l^-^ (Ru) ol 7fl7.fls)*r 3# ^£ ^71 ^<3<a}- 

(246)£r iH^lTir <tt^SL5L ^*Rr a)-^^ , ZL ^^s r 7fl ^*Rr 

^o] H>^-3l^>cf. OH- ^^], #7] ^^nv (2 46)# ^*Rr #31tt 5r*f 7]-# ^ 
(chemical vapor deposition, CVD) SEfe- ^^"(atomic layer deposition, ALD)£| 
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%7] ^^-(240)2f #7} ^^-(230)^ t$s$ ^ ojcf. SE 

th A oM ^>7l Ei^ ^*j-(240)-^ £ 8a, £ 9a, £ 10a ^ JE lla<^l *| 
a>z>^^ 5/£o] ^o] HV^tHl, S. 8b, £ 9b, £ 10b ^ £ llb^l 3E.^1 ^ 

^A}l£^ 2.6^ ^VcjjL ^ £ ojrf. ^"71 X\7] E^ ^(240)£r 3fl 

^ -f-*B #7] 7>7j Ei^ ^^"(240)21 S-A^^ B^JEL^ ^£ ^Cf. 



^-71 ^ ^(230) % ^7] ^>7l Ei^ ^(240)-§- JE^Sr a}£^l7l^ ^ 
A 2 ^ ^(250)* ^^W. -SM 2 ^o VJ r- # ^(250)^- 

^ W ^SH, ^71 7V^-^-(248)^ ^^-a: ^l^fjtf. ^-71 ^Sj- AlZ]- ^ofl^ 
^ ^ ^l w o^>7l ^*ti, ^-71 7K|-^-(248) A <H1 ^ ^7V^^1 l-^5Vol 3 ^€ 

*}7l Ej^ ^(240)^ ^-^o] ^#51 aVE^l^ ^^°fl, W 
^th}. #7l #JjL ^-^-g- S]]E|^>^ 4>7l ^£1 E>^1(130)^- ^2l*>7fl 71-S.^S^ 

4^7fl^ a]H s^o]l;(260)*- ^^*Vcf. ^"71 e)-<?ll:(260)ol ^-7} Ej-^](130) 

«fl ^M*}:£4=- ^^s>^r y o V ^^ £ 10a ^ £ lOb^g- *sfl SA]^, ^- t^o) ^ 3 ^a) 
^1 ^ ^. ^^^oflA^ -^^^l-cf. £E*>, #7l tilH Ef<?ll-(260)^ £ 9a, £ 9b, 51 11a 
^ 5L llbofl £Al^V 2 *RHiliiL *fl<l^ ^-7] ^ H^^l^Eil-o) ^-^-g- tflz}- 

^iilsL 7}s^|H£s. ^5L 9X^-. °1 si tl- -I^Hl!-^ ^ = 7ti^ ujE ^o] 

(260)£- afl^^ H H«^E|#cq j= e floj <^^(i 5 0d)# 

^jt).^o.^ ) av^^v ^Al^s-oflA^ ^1-71 w]h e}^(260)4 c]^l e}-o] 

(210)£: til^^l JE^Kl-Jl, Ols. A>olol]^ # 7 | *}- 7 | E ^ ^(240)*] 7fl7fl^Cl-. 
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*s*r ^^ofl ^ ^^<?1 7>7l #2} 3711- ^7>Al^ ^ ^rf. olsl^ol 
, 7]^ 2J=>iM ±5-$^ ^ ^ 5U^, #71 «1B 2}^ SEfe ^ e)-oi 

7>7l ^(disturbance) °) iH^Hr 3# ^ 5&*=k 
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#7l ^lr* 7>3.*1 £tf€ ^^1 wfl^£]^r 4^7^ Hlj=e]-<?1#; 

#7l WlH^'y^ #7l Sj-O] AVolcHi 7 fl7fl^ 7>7l B\ ^ ^ ^fr i^>5] , 

#?1 t^^l #7l «]H el-o]^ Hl^S-sj-Tll iH*}-*}^ 3* ^05. S>ir 

2] 

1 5a°H, 

#71 ^31 e^jz)- #71 HlH e}<y a>o]o^ is^-(angle of intersection)^- 15 vflxl 
75£<y ^'AS <5Hr ^}7l ^1S.S1. 
[3^8" 3] 

1 %H1 Sl^H. 

#71 7>7l E^ #71 WlH 2}<yi2H^ ^7)^^S. ^^JL, #7l £}-0] 
[^T 1 * 4] 

^1 1 %H1 91°]^, 

#71 WIS ^-91^, el-oil- ^ 7>7l E|^ ^^-Ir^r «V£^7l^- #ofl 
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A oM ^ B^l^&H-gr Z^-ZV 7l)olH ^ iELEflo] cgo^ zp.^^ 

[^T 1 * 5] 

6] 
7] 

^1*K Zigzag) 5. <^^sf^ li^r ^ ^]. 7 ] Dfl S ^ . 

8] 

*1] 4 *J-ofl SU^i, 
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9] 

1*3 ^ 10] 

XI 8 5a<H*l, 

(zigzag) 5. 7}-3.*]e.^ ^ ^ 7>7l Xl2-iM. 

11] 

xi i %hi 5a°w, 

A oM ^>7l ^^vg- ^V^lS. 5X)^nV > Jl^n^ ^ *>-fi-^°-3. ^ 

12] 

XI li $il°H. 

<X*l^r 3* 7>7l 
13^8- 13] 
XI i iMl 
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-8-71 *}7) 3-<$-£ 3.^7} i^S.^, 2]a>^-^ ^ sg^>^ 

14] 

-*7l ^ f^£^ #6fl 7>7l E^ ^-^g- ^*Hr ^Tjl; £ 

15] 

*H 14 %H1 Sl^H, 

[3^*8- 16] 

XI 15 iHl SH*!, 

-8-71 1=131 «8^«f7l *H1, 

^71 ^ H^l^E^} ^£ ti>£^7l^ gfe ^ #*HJ<S^M: ^^]- 
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[^iF* 17] 

*H 16 ^Hl 9X°\*], 

#31; 

A oM ^ ^ 7>S^S^ 4^7flSl $|l= ^*Kr #711; ^ 

^-71 ^ = 2}#-i- Afo] ^ eg ofl ceflo] cgctf ^^.^ ^^-5}±= #711 

1- f^AS S}^ 7>7l ^lS.el^ 2)12: 

18] 

*fl 17 ^Hl , 

^71 *}7l ^-g- ^^^>7l *H, 

#71 I=5fl<£ ^-71 7>7l E"| a. ^ ^-g- ^7|3 ^^a]^^, #7} 

#*M<2^ ^ ^"71 ^ ##^<a^# #**H ^7l j=efl# <$<*o\) ^SKr ^ Wfl 
^1-1: *g^*>fe #311- c] ilHKr 7>7l *115L5^ ^2: 
19] 

16 %H1 ^<H^, 

A o V 7l ##^<^^ *§^*Rr #31^7 

A o V 7l H H^l^* 3L^V^ #£^l7l^ ^ofl *)] 1 f^^^^ ^ 

*Rr #31; 
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<$7] *fl 1 ^r- ^^r^^^-i- #7] °m Si di^i ^^1 

*r ^ #aim-^r ^*Kr #31 ; 

^7] *)1 1 ^ #*pg<3^ ^H, ^71 -sun ^zisq xiq-fe ^ 1 =-4* 

^"71 1 ^ sfli^M: S^Hr «]:£^7l^ ##°fl, 2 ^ f^£^* ^ 

^Rr #31; ^ 

eiZL* ^*Kr #31* ^-71 211 1 ^7l Cg^ofl 

^71 Wlo> §a]ZLl- ^^Kr ^ = 5. A]~g-£)^ 33* -IRJiLS. Sfe ^>7l S El SI) ^ 

20] 

31 17 -%H1 

^71 ul3! ei-o]^. a>71 si- wl^sl ja^>^ ^ ^ sfe 3}^ ^HJils 

^Vxr *>7l ^S-Sl^l ^3. h o V^. 
21] 

31 17 %H1 5a°H, 

A o v 7l cl^} el-°]^r 2*}^3 tifl<l^ ^-71 -f H^E^l^Ei-i-sl ^z^o.^. 
^lM-^ 3* ^r^^LS- t}^ 7\7] v]}3-£\°] 2fls « 0 >^. 
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[^T 1 * 22] 

23] 

*n 14 *oH sa°i^, 

24] 

*n i8 %hi &<>h. 

[^t 1 * 25] 

A 18 %hi sa^n, 

^71 «1H B^l^r ^l^l^ZL £.°<^g- 7>^1^, ^-71 ^IEL i^ol-fr 7>S*] =.£-!=- ^ 
26] 

A 18 %H1 SH'H^I, 
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